The incidence of the sudden infant death syndrome (SIDS) in the UK has fallen in the recent years, but it is still the commonest mode of death in infancy beyond the neonatal period.' Evidence continues to suggest that a fever and overheating are implicated.2`Yet, little is known about the heat exchanges of infants aged between 1 and 12 months in different environments. In particular, there are few measurements of the rates at which sleeping infants produce heat by metabolism in known thermal conditions. Such information on the heat balance of infants is essential if recommendations are to be made on both the room temperature, clothing, and bedding insulation that they require for thermal comfort and the adjustment which should be made when an infant has a fever.
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Theoretical models have been used to predict the effect of sleeping position on the thermal balance of infants aged up to 1 year,5 but these predictions are based on measurements of the metabolic rates of only 14 infants, aged 6 to 10 days.6 Even less is known about the ranges of environmental (room) temperature and thermal insulation within which infants can maintain their thermal control and beyond which hypothermia or hyperthermia occur. For obvious reasons, it is impossible to test experimentally the effects of extreme environments (hot or cold) on the heat balance of young infants. Nevertheless, it is important to try and predict those combinations of the environmental variables (room temperature, clothing, and bedding insulation) which might overpower an infant's thermoregulatory capacity. Such estimations should be possible by inserting reliable information on rates of heat production in known thermal conditions into mathematical models of heat exchange.
In 1985, Schofield reviewed all the published measurements of the metabolic rates of infants over the previous 60 years. 7 From these data, he formulated equations to predict the basal metabolic rate (BMR in watts, W) from body mass (mb in kilograms, kg) and height (h in meters, m) for all age groups. For infants aged under 3 years, BMR for males was best predicted according to: BMR = 0.0081 mb + 73.48h - 29.91 (1) and for females, from BMR = 0.79 mb + 49.55h - 20.02 (2) These equations are based on 162 and 137 measurements for males and females, respectively. The data for infants under 1 year of age come from five studies in which indirect calorimetry was used to measure sleeping or resting metabolic rate rather than 'basal metabolic rate'."'2 Nevertheless, the abbreviation BMR will be used in this paper to distinguish the values predicted by Schofield were asleep in their normal sleeping position and dressed in their usual daytime clothing, modified as the mother felt necessary for the temperature within the room. A cellular blanket was available to cover the infant if the mother required. The tog values of the clothing and bedding (combined) covering each infant were calculated from the 'tog table' published by Bacon et al. " SMR was measured by indirect calorimetry using the Datex Deltatrac Metabolic Monitor.'8 A Perspex hood placed over the head of the sleeping infant was ventilated at a constant rate of about 10 1/minute. This flow rate was checked at regular intervals and did not change by more than ±5 %. The oxygen and carbon dioxide concentrations of the air entering and leaving the hood were measured continuously. The rates of oxygen consumption (Vo2) and carbon dioxide production (Vco2) were calculated from the differences in concentration and the flow rate. The Deltatrac calculates the metabolic rate at one minute intervals and automatically calculates the mean (SD) of these readings over a given time interval." The respiratory quotient (RQ) was calculated as the ratio of Vco2 to the corresponding Vo2.
The hood was placed over the infant's head about 10 minutes after he or she had fallen asleep The hood was kept in place for a minimum of 20 minutes. Observations made during the first five minutes of each measurement period were discarded to allow equilibration of the expired air within the mixing chamber of the metabolic monitor. Subsequent recordings of the gas concentrations were examined and any artefacts discarded (these usually occurred when the infant moved and disturbed the hood). Sleeping metabolic rates were then calculated as the mean (SD) rate during the 15 minute period which followed the 'discarded' five minute equilibration period. Values of SMR are expressed in W, W per unit body mass (W/kgl), which is the relevant unit for energy expenditure, and in W per unit body surface area (W/m2), which is the relevant unit for heat exchange. The body surface area A (in) was calculated in accordance with Gehan and George,'9 from A = 0.0235h 0.42246mb 0.51456
The infant's body temperature was measured immediately after the hood was removed by placing a clinical mercury-in-glass thermometer in the axilla for five minutes. The infants were then weighed naked to the nearest ±0.01 kg and their height measured to the nearest ±0.01 m. In addition, their parents completed a questionnaire that sought information on birth weight, prematurity, medication, feeding method, parity, and night time clothing and bedding. The time of the last feed was also recorded.
Shortly after the measurement period, the dry and wet bulb temperatures in the nursery were In our study, SMR did not appear to be affected by the duration of fast or the time of day when the measurement was made. There was no correlation between insulation (fig 3) and SMR (r = 1.6). There was a weak positive correlation between SMR and Ta (r = 0.32).
The value of RQ usually remained steady during the measurement period and the mean values ranged from 0.81 to 0.98. The SD in RQ was less than 5% for 85 of the 100 measurements, and greater than 10% for only one measurement. There was no relationship betwen RQ and age. Figure 6 compares the SMR (W) with the 'basal metabolic rate' BMR predicted by equations 1 and 2. The thick line is the 1:1 line. The thin line shows the 'best fit' straight line (r2 = 0.61) through the data, and is described by SMR = 0.84 BMR + 1.7 (4) The gradient of 0.84 is significantly different from unity (t value = -2.37, p<O.05). The intercept of 1.7 W does not differ significantly from zero (t value = 0.56). The best straight 
Discussion
We report large differences between infants (aged from 1 month to 1 year) in the rate of metabolic heat production during sleep. This finding is consistent with the marked differences in the rate of Vo2 between individuals that have been reported in studies on smaller groups of infants (aged 1-5 months) when asleep.22 Neither the duration of fast nor the sex of the child appeared to affect SMR, which is in agreement with the findings of others. 6 23 Some investigators have found that metabolic heat production varies with sleep state 22 24 Table 2 shows that measurements of TEE using the doubly labelled water technique gives values of metabolic heat production for infants that are much higher than those we observed during sleep. This is not unexpected, because healthy infants spend more of their day awake and active, during which time their metabolic heat production will be higher than when they sleep.
In relation to an infant's heat balance, our most significant finding is the large difference in SMR between infants of the same age. In the study situation the effective environmental temperature also varied, so it is possible that some of the variation is due to some infants reacting to a relatively cool environment with an increase in SMR. However, the infants were comfortably asleep, at the end of the study period their hands and feet did not feel cool, and in a subsequent study we have found that even a small deliberate drop in environmental temperature causes arousal. It is probable therefore that the infants were in, or close to, thermoneutral conditions. Similar variations in resting or basal metabolic rate have been reported in newborn infants or adults.
One consequence of these variations is that the conditions for thermal comfort will also differ widely between infants. Consider, for example, two infants aged 1 month, one (infant A) with a SMR of 25 W/m' and the other (infant B) with a SMR of 35 W/m2. Suppose that they are dressed identically in a vest, Babygro, and disposable nappy and that their evaporative heat losses (minimum) account for 25% of the total heat loss.29 30 Assume that they both have a tissue (vasoconstricted) thermal resistance of 80 s/m (equivalent to a thermal insulation of 0.6 togs). 25 To maintain a constant body core temperature of 37°C at an air temperature of 20°C, without having either to sweat or to increase their rate of heat production, heat transfer theory 31 indicates that infant A would require 320 s/ m (about 2.5 togs) more insulation than infant B. This is equivalent to about two layers of blanket.
When infant B is wrapped in the amount of bedding which infant A requires for thermal comfort at an air temperature of 20°C, he will need to vasodilate and increase his evaporative heat loss to about 45% of his metabolic rate to maintain a body temperature of 37°C. An increase in SMR, caused for example by fever, would have to be balanced almost entirely by a rise in the rate of evaporative heat loss in order to prevent an uncontrolled increase in body temperature. In contrast, if infant A is wrapped in the same amount of bedding as infant B (healthy) requires for thermal comfort when Ta=20'C, he would have to increase his metabolic heat production by about 35% to maintain his body temperature at 37°C. These differences in thermal requirement, resulting from the different rates of metabolic heat production, make it impossible to give specific guidelines on the amount of clothing and bedding that an individual infant of a given age will require for thermal comfort at a particular room temperature.
A range of clothing and bedding insulations based on the lowest and highest rates of metabolic heat production could be calculated from our data for infants up to the age of 1 year. However, the width of this range at each air temperature would limit the value of such calculations as a guide to parents on the individual care of their infant. Indeed, parents are unlikely to know whether their infant has a high or low SMR. In our view it is wiser to reinforce the parents' awareness of when their infant is too warm or cool, so that they can, with confidence, adjust the amount of clothing and bedding insulation and/or the room temperature. The weak negative correlation we report between the insulation and air temperature indicates that parents take some account of room temperature and appear to be aware of their child's requirements. This observation is in agreement with Wigfield et al who concluded that parents in Avon generally provide the correct amount of insulation to maintain their infants in thermal comfort,28 and with the general guidance given in the report of the expert group Back to Sleep." Conversely, our study indicates that some parents took no account of the room temperature when selecting the level of insulation, and thermal problems could occur when a high level of insulation coincides with a high rate of metabolism.
